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Abstract
Risk management plays a key role in project management methodology. Nowadays, it is 
quite common to manage projects with the use of digitally collected data. The Big Data 
(BD) analysis can enhance the quality of information taken from these records and be 
used for project management. Moreover, it can be a project risk management tool. Some 
examples of BD application can be found in the investment and construction projects 
which use both physical and virtual data derived from controlling, bids for tender, sched-
ules from sub-contractors or some other specific information. An accurate analysis of all 
that data (BD) makes it possible to discover new phenomena characteristic for the project. 
Getting to know them can be helpful in reducing the risk of accomplishing the project 
objective. The chapter is intended to arouse the readers’ interest in this new source of 
valuable information, required to improve a course of projects. An awareness of utility of 
Big Data was presented on the basis of the recent anonymous survey among Polish con-
struction entrepreneurs at the turn of years 2016 and 2017. The research has been the first 
step towards the broad analysis of the propensity of construction companies for using 
BD in project risk management. Moreover, it points out some capabilities in this matter.
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1. Introduction
Risk can be most generally defined as a diversion of the course of events from the expected 
ones. The risk stands for the probability of a lack of success in terms of the actions taken [1]. 
It should be associated mostly with the measure of deviation from the pre-planned values. It 
is usually defined as the probability of those deviations. Attempts at its parametrization refer 
to the estimation of the probability of achieving the objectives of the planned actions and the 
effects of the failure to accomplish them, expressed in physical or financial units [2].
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In more detail the term of risk is also presented by the Project Management Institute (PMI) 
which defines the project risk as an event which is difficult to predict which, if exists, affects at 
least one project objective (e.g. quality, cost and time) [3]. Thus sensitivity to risk of a specific 
area of activity can be perceived as its vulnerability to the effect of disturbing factors. It can be 
objective or subjective. Objectively the susceptibility to risk can be determined as the exposi-
tion to risk. It mostly refers to the susceptibility to changes in objects or systems due to various 
factors. Subjective vulnerability to risk is related to the perception of risk factors and the scope 
of their effect by the work entities.
Risk management, on the other hand, is of fundamental importance for achieving the project 
objectives, not only minimizing bad results but also acting as a guide to maximize the positive 
results. Analysing the state of knowledge on risk management, one can state that the opinion 
about a necessity of considering risk in project management has been well established [4]. 
However, management tools have been still imperfect. In risk management heuristic models 
are still of dominant importance. Attempts at modelling mostly refer to the evaluation of the 
behaviour of some parameters exposed to random effects. An insight into the nature of phe-
nomena affecting the risk level and diagnosing the extent of risk based on empirical research 
are, however, still an open research field.
The risk analysis can provide the grounds for building the security of accomplishing the 
objectives of a given project. One has to think not only about the weak links of primary nature, 
which occur in its respective processes, but also about a consequent risk which is the effect of 
mutual relations of those processes, developing dynamically. In project risk management one 
must also factor in the threats which can occur in the future. They are still constantly changing 
challenges faced by project managers, contributing to changes in project management. Such 
an approach facilitates orienting the actions in the project compliant with its objectives. For 
example, one can note that including the risk analysis to estimate the project cost is a chance 
for bringing those estimates closer to the reality [5].
With the development of IT the data in analogue format lose its importance since the com-
puter is unable to process it. In response to that problem the digital technology emerged 
and the amount of data saved in that format is continuously growing. It has already been 
so high that it exceeded the technological possibilities of its collection. Besides, according to 
the International Data Corporation [6], each year it increases by 40% and from 2011 to 2016 it 
increased nine-fold. This phenomenon is referred to as Big Data (BD).
2. Problems of gathering the data for the purpose of Big Data 
analysis
2.1. General context
Database is an IT term. It is defined as the collection of digitally recorded data, which are 
appropriately specified and describe a chosen reality. Databases are able to store all the struc-
tures of data enumerated in the previous point, starting from numbers up to sound, including 
immeasurable features.
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The key role in making available such big collections of data so that they could fulfil the 
BD criteria is played by the governments. Thanks to the efforts of the former President of 
the United States Barack Obama, in the USA, the database Data.gov, within which open 
access may be granted to the data from the government sources, was created [7]. In June 
2013, at the meeting of G8 Group, its countries concluded agreements with reference to mak-
ing public of their database in accordance with five rules: default open data, quality and 
quantity, usable for everybody, releasing the data for better management and releasing the 
data for innovations [8]. During the same year, the government of Japan made available its 
collections on the website: data.go.jp. The pioneers were followed by France (data.gouv.fr), 
China, who published commencing of the work on making available government data, and 
many others countries. More details can be found in the magazine “The Bridge” [7]. The 
countries mentioned above make available the data from the branches of economy selected 
thereby. However, there are also pure construction databases, for instance, the German data-
base, created by German BKI [9]. This organization every year publishes well-organized and 
exhaustive data on the costs of construction projects; the structure of the report divides the 
buildings into different types, allocating a specific example to each of them. Then, it pres-
ents the standard deviation for price data, taking into account the localization (prices differ 
depending on the region) [10].
In spite of the fact that data collections from other countries or regions could be applied, it 
must be noticed that not all branches of the economy are highly globalized (as, for instance, 
construction). Thus, it is not always possible to use ”foreign” collections without cleaning and 
adapting the data [10].
Taking into account the earlier, construction companies more and more often decide to create 
their own databases, especially big enterprises, implementing many projects yearly, are in a 
position to generate BD.
To introduce BD for the management of the risk of projects, the manner of data gathering 
must change. Based on visual inspections, measurements carried out with the tape, documen-
tation relating to the transportation of material and talks to the workers or managers are not 
sufficient. The collections of data obtained in this manner are too small and therefore it is not 
possible to recognize general dependencies and connections with other cases [11]. Gathering 
of data is a huge challenge as technologically advanced sensors generating the data, their 
transfer and storage are necessary for that purpose.
2.2. Data collection
One of the possibilities of collection of data is the procedure suggested by Son and his team 
[12]. It consists of surveying the key units of the construction project (for instance: architect, 
investor, project manager and construction site manager) during face-to-face meetings. These 
persons have access to detailed information relating to the progress of works both at the 
stage of designing and at the stage of implementation. The questionnaire should be designed 
in such a manner as to picture the differences between adopted assumptions at the design 
stage and the results during the implementation of construction projects. The survey may be 
oriented on aspects of costs and time, and the conclusions relating to deviations should serve 
the future projects at every stage of implementation [12].
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The suggestion of the system to assess the offer of the construction project given by Zhang with 
his team [13] may be also quoted. The data necessary to perform the analysis relate to costs. 
The main three sources of gathering thereof were presented. The first refers to the cumulated 
experience of the researchers relating to the implemented projects. The second source is the 
agreement concluded between the construction enterprises which obliged themselves to make 
available their data. The companies included customers, contractors, subcontractors and so 
on. The third source is the agreement on the cooperation that concluded with the government, 
giving the authorization to analyse the government collection of data. Combing the three, 
abovementioned, sources, one source was achieved which generates the sufficient amount of 
data to fulfil the conditions of BD. To ensure the timeliness and the reliability of sources, the 
data relating to the costs from all the units were connected to the system. It enables the quick-
est transfer thereof, which, in result, leads to their number growing constantly. The content 
of the abovementioned data is basic information on the project that includes the number and 
name of the project, date, localization of the contractor and total duration time of each stage of 
the project. Then, characteristic information depending on the type of project, for instance, in 
case of the underground station construction, is presented: type of station, depth of the exca-
vation, surrounding environment, shape of station, geotechnical and geological conditions, 
construction methods and so on. Next, subsequent information of each cost that includes the 
total cost, cost of single units, costs and amounts of material and so on is presented. All these 
data, after being gathered, are subject to integration and consolidation [14].
Next possible way to collect data is using the global positioning system (GPS) receiver. The 
data gathered in this manner may deliver necessary information which may be used to mini-
mize the risk relating to the safety of building sites, to improve the processes of new invest-
ment planning and to choose better their localization as well as to optimum architectural 
solutions fulfilling the needs of the users. The methods of collecting the data which are based 
on GPS receivers [14] include, among others:
• Data gathered from the vehicles of public transport, taxis in particulars: Public transport 
has a fleet of vehicles constantly crossing the town, which are in the position to deliver the 
most current data relating to, for instance, traffic intensity. Geographic coordinates, speed, 
time of drive and its directions allow one to learn the transport structures, templates of 
travels and size of traffic.
• Data from the personal devices of physical persons: The individual users deliver the data 
concerning the use of urban spaces and the traffic roads. Additional data such as age, gen-
der, education or individual templates of behaviour may help to optimize the architectural 
solutions of the buildings and public spaces.
• Data from the receivers of the workers at the building site: The workers, wearing the receiv-
ers attached to their helmets, generate the data relating to their activities and localization 
at the moment of performing the activities of increased risk. The data are helpful to deter-
mine the safety zones and inflict real influence on the improvement of life and health of 
employees.
The disadvantage of the global positioning system (GPS) is that it loses the signal inside the 
buildings and therefore may only be applied in case of outside works—in the open area [14]. 
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The solution to this problem may be a Polish technical novelty—Beacon, a small transmitter 
based on Bluetooth technology (radio waves), which may be attached to any place on the 
building site. It can monitor the activities of the employees in the range up to 70 m.
The real mine of information is also the effect of not removing the data from the construction 
projects implemented in the past. In spite of the fact that the projects differ in many macro-
conditions, for instance, requirements of the customer, localization of the implementation 
or the content, there are similarities in the micro-scale, such as tools, technologies, workers’ 
skills, structure of the team and so on. Therefore, the knowledge obtained during solving the 
problems should be preserved in the format allowing to manipulate thereof and to dissemi-
nate it in the forthcoming projects [15].
It is not possible to enumerate all sources of data. Apart from those mentioned above, 
monitoring may be distinguished (for instance, at the construction site), sensors (to control 
the operation of machines), pictures of the employees - to register dangerous behaviour, 
etc. All methods of generating and gathering data involve the challenge which is their 
format. Text data may be stored on a PC, tabular data, pictures, recordings and many other 
data recorded on paper, which require different processings. Therefore, the best manner is 
the transformation of the unstructured data into semi-structured or structured. They must 
be transformed manually, sorting the documents or automatically applying algorithms 
based on artificial intelligence (automatic scanning of the text and recognizing texts and 
pictures) [13].
2.3. Computer-aided data analysis
Presently, there are enough techniques and technologies to face BD. However, the choice of 
the proper ones is the most important. As a branch report indicates [16, 17], the application of 
the unsuitable programmes leads to the fact that the implementation of BD becomes unprofit-
able or significantly difficult for the organizations [18].
For BD to correspond to purposes and expectations the time between the gathering of data 
and the results obtained from their analysis is of unusual significance. The priority is to strive 
towards real time. The closest to that aim is cloud computing. Cloud computing is a big data-
base which contains lots of supporting technologies and algorithms. It was introduced in 
2006 by Google. The development of various internal applications relating to BD is supported 
by a series of tools, which integrate cloud computing with a platform called Hadoop [14]. 
Hadoop became a complete ecosystem, which contains a module such as database (H Base, 
Cassandra), file system (HDFS), the processing of data (MapReduce) and others. To some 
extent, it can be claimed that Hadoop became a standard application having the necessary 
tools to face BD [13].
Introducing the cloud as an analytical solution for an enterprise, the following models of 
implementation should be taken into account [19]: private, public and hybrid.
Private models are deployed in a private network, managed by enterprise or by external units. 
Private cloud is recommended for the companies which require the highest control over the 
data, their safety and privacy. Using this model, data and services provided by the cloud may 
be used more effectively by all departments of big enterprises.
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Public models may be located in the Internet and be accessible for the public. Public clouds 
offer high efficiency and low costs. The supplier deals with analytical services and manag-
ing the data, and the degree of safety, privacy and accessibility is written in the contract. 
Organizations may use this model to carry out the analysis against lowered costs and to share 
the observations relating to the results of the analysis of public data.
Hybrid models join two models, where the additional source of data may be added to private 
collection. The users may develop and implement analytical applications with the use of pri-
vate surroundings and, in the same way, take advantage of the flexibility and higher level of 
safety than in the case of public model.
Due to latest progress, the technologies like cloud, Hadoop and MapReduce enable the col-
lection of large amounts of co-structured and non-structured data within reasonable, close to 
real, time [7]. More information relating to technologies, mechanisms and the construction of 
the systems to store and process the data can be found in the literature, see [20].
2.4. Quality of data
Poor data quality leads to poor results of analysis. The key challenge is how to improve the 
quality of data in relation to reliability, completeness, consistence and resolution. Two main 
reasons of the lack of high quality data are lack of generally accepted templates identifying 
parameters which should be monitored and lack of suitable sensors which would ensure the 
generation of reliable data of high resolution [21]. Generally speaking, when the size of data 
increases, their quality remains the same. However, proportionally to the scale of the size 
of data increase, the amount of problems related thereto increases as well. If the size of data 
was multiplied by 10, 10 times more hindrances would appear in the collections of data [22]. 
The quality of data is defined by detailed principles depending upon the branch they are 
used in. These principles determine specific requirements relating to collection of data in the 
dimensions of precision, preciseness, coherence, metrics, timeliness and meaning, the breach 
of one of the abovementioned principles constitutes the insufficient quality of data [22]. It 
must be taken into account that depending on the context and use, the quality of data should 
correspond to other requirements.
According to NASA [23], the errors generated by humans are the most difficult to detect, 
understand and correct. They are semantic in their nature; however, they are practically 
undetectable for the machines. The ratio of their occurrence is from 5 to 10%, significantly 
more often than any other type of errors. It is a red zone. Automation of the data sources sig-
nificantly increases their quality, whereas, by replacing humans, it increases the effectiveness 
of work as well as eliminates the errors generated manually. The advantages of automation 
data generating include also their precision and the ease of detection of possible errors. It is 
characterized by high regularity, due to which it is possible to create appropriate algorithms 
which would easily detect and repair irregularities. It is a green zone. In spite of that, these are 
the situations in which the errors in data may be ignored. Everything depends on the required 
level of the quality of data. If the user searches exclusively for templates or trends they need 
not pay special attention to errors, which will be shown in the results of analysis as outliers. 
Thus, it is very important to precisely know the level of the data quality on which one works. 
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It may turn out that the same collection of data would fulfil the quality criteria for one user 
and would not for the other [22].
To improve the quality of data it is necessary to implement the management of meta-data 
(data about the data) and master-data (collection of trusted data disseminated in the organiza-
tion between different branch systems, for instance, customers files) [24]. Both in the collec-
tion of data of traditional size and in BD the proper management of meta-data and master 
data are crucial. The errors contained therein have disproportionally big influence on the 
quality of data with which they are connected. One error in the fraction of meta-data would 
make a perfect collection of data completely useless [22].
Also the use of too many sources does not serve to improve the quality of data. The more the 
sources, the less the probability of the analysis success. This happens due to technological 
problems. The merger of several dozens of data sources nearly always creates the difficulties 
relating to the transformation of formats and data structures. Besides, the unification of the 
gathered data often takes too much time [22]. The challenge relating to the quality of data is 
also the lack of their consistency. Four types of consistencies may be distinguished [25]: time, 
space, text and the consistency of functional dependencies breach. Time inconsistency occurs 
when in databases containing the time attribute, the data components overlap in time or are 
contrary with the circumstances. Space inconsistency may result from the geometric repre-
sentation of the object (object having many localizations), space relations between the objects 
(breaking of space relations) or their connections. Text inconsistency occurs in non-structured 
texts written by a human. Inconsistency resulting from the breach of functional dependencies 
causes the inconsistency within the data and information.
The manner to improve the data inconsistency consists of the identification of the cause of 
inconsistency and introducing the heuristic procedures, which aim at solving the problem at 
its source [25]. For instance, if the inconsistency arises out of improper features, the algorithm 
is introduced and it replaces the improper features with the proper ones [26]. Also the history 
of carried-out analysis may deliver lots of information. In the BD era the leaving of errors 
detected in the collections of data while performing the activities relating to the improvement 
of their quality is possible and significant. All corrections and other interferences performed 
should also be left. This serves to create the templates which may prove to be helpful in the 
detection and correcting of data [27].
It may be noticed that data generating, gathering and storing are not easy tasks. These processes 
are very complicated and are accompanied by many challenges, on every stage of processing. 
One of the more important problems is the quality of data, which depends on the manner of 
their generation and gathering; however, this can be seen only at later stages. The solution that 
would significantly improve the quality of data and enable the detection of possible errors is 
replacing work of a human by sensors and automatic technologies of gathering. Thanks to it, the 
errors difficult to be detected which are generated by the semantic nature of people are avoided. 
However, these errors produced by the machines are easy to be detected and repaired. The 
data may be stored in private, public and hybrid databases. If an enterprise has at its disposal 
the collections of huge value, the application of private databases is recommended. It is the 
safest manner of storing, whereas proper protecting measures are to be preserved, that is, data 
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encryption and the policy of responsibility and the access authorization. The level of possibility 
of interference in the data gathered should be dependent on the position in the company. Based 
on visual inspections, measurements carried out with the tape, documentation relating to the 
transportation of material and talks to the workers or managers are not sufficient. Storing of 
any, even apparently not significant, data is recommended including, most of all, accomplished 
projects, recordings from the monitoring cameras, readings form GPS receivers or pictures. 
Since the governments have at their disposal the collections that are several teen times bigger, 
the collection of the whole construction industry making them public is also recommended. 
This would revive and increase the productivity of all segments of the economy.
3. Project management ontology
3.1. Theoretical framework
Each project is characterized by [28]:
• clearly specified objectives, the accomplishment of which closes the project,
• specific time frameworks (commencement and completion dates),
• use of resources (people, money, materials, machines, etc.),
• a number of interrelated processes (tasks) affecting the course and costs of the projects.
Thus the project, next to its innovativeness and untypical nature, has also a few other charac-
teristic features: it is oriented on a specific objective (a specific result is expected), it has spe-
cific commencement and completion dates (it is limited in time), during its execution various 
resources (human, financial, etc.) are used, it is organizationally separated from other actions 
performed within a given organization, it has a specific organizational structure, it is a vast 
and complex project, it varies depending on the execution phases, it is related to investments, 
it is an interdisciplinary issue (it requires an involvement of specialists of many fields) and 
it requires an ongoing cost control. The risk of the actions taken is also the project’s essential 
feature. However, there are no two such projects: one can always find at least one aspect 
which differentiates them: commercial, administrative or physical [29].
The term “project management” stands for all actions related to the preparation and execu-
tion of the decisions. However, it does not refer to the activities which directly refer to the 
project execution, especially with specialist aspects of solving it but to problem-solving 
process management [30]. Yet the term “problem” can refer to a threat of danger, an 
emerging chance as well as unsatisfactory situations or favourable situation in the course 
of project execution. The problems which need solving as part of project management are 
inseparably risk related.
Project maturity in project management is seen in the project team members’ competencies, 
including the project manager. Project manager’s project maturity can be defined as an ability 
of professional project management.
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Searching for effective project management, the managers use risk management tools. It is 
necessary to assume the measures referring to the same risk of the project and accomplishing 
its objectives. One must also determine the size of any potential project losses in reference 
to the occurrence of independent risk areas. And independent risk is a risk which does not 
depend on the project manager’s decision. The project risk factor analysis allows for defining 
and accounting for the events which can heal the project and it helps in defining possible strat-
egies of counteracting such situations. The systematic approach to risk management stands 
for a global perception of the project via the role of each element of the whole, especially 
future effects of the decisions taken. Risk management mostly refers to a series of actions to 
reduce the risk effects. It thus seems that respective risk areas affect the accomplishment of 
project objectives to various extents, and some risk factors come from its environment. Risk 
management effectiveness is guaranteed by a systemic approach fully integrated with all the 
processes in the project. Practical risk management in the project appears mostly in a form of 
risk diversification.
It is also necessary to create a project risk management plan and risk capital facilitating the 
coverage of potential losses related to the project execution. Project maturity in project man-
agement is perceived mostly in potential possibilities of a competent project team selection, 
considering mostly planned risk management skills, including a search for methods on how 
to secure yourself from various risks, identified for the project or defining the active risk con-
trol methods. Risk management strategy in the project should foresee the necessity of creating 
reserves (risk capital) which can have a decisive effect on project profitability and which are 
important for decision-making about project execution. The key element of the strategy of 
securing yourself from risk is investing in the projects for which the expected rate of return is 
higher than the costs of the capital increased by the risk-related mark-up.
In project management there is a need for intergenerational management which requires 
understanding the differences in understanding values, the style of work and leadership as 
well as employee attitudes between the representatives of generations X and Y, as well as 
generation Z emerging in the market (persons born after the year 1995). The young generation 
articulates their willingness to participate in projects. Enterprises, willing to use their poten-
tial, formulate a number of their tasks as projects. Currently project managers are mostly 
representatives of generation Y (also referred to as the millennium generation), the persons 
born in the early 1980s. Their specific nature is related to a considerable acceleration of glo-
balization processes accompanied by IT development and building the information society. 
Young people almost around the world feel like residents of the global village, from their 
childhood familiar with state-of-the art communication tools.
Interestingly, they usually have strong competencies of creative thinking, they adapt to 
changes easily, they are ready to face new challenges and ready to cooperate. Such features 
are especially needed for today’s project managers, facing the need for implementing the 
system information modelling (SIM) ideas, see [31]. SIM, which refers to modelling informa-
tion on the subject of the project, facilitates a permanent and immediate access to information 
on costs, schedules of actions and so on. One must note that the technical elements of that 
model have been, to much extent, operating already. Computers are powerful enough and 
the Internet is a huge communication tool. Specialist software does not only facilitate an 
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efficient performance of each element of multi-sector documentation but also supports the 
actions of the investor, contractors as well as the users of objects in which their life cycle is 
accompanied by SIM.
The competencies of project managers as the tools developed in terms of SIM make it possible 
to improve project management together with the process of operation and liquidation of the 
objects existing as part of the project.
3.2. Research results
Objects with the long cycle of operation are investment and construction project products. 
The opinions of managers executing projects in the construction sector are thus interesting. To 
acquire opinions on managing such projects, project managers in 29 Polish construction com-
panies of the Kujawsko-Pomorskie region have been surveyed. The study was carried out in 
the first quarter of 2017. It showed that the risk of exceeding the essential project parameters, 
namely the project execution time, budget and the scope, shows varied intensity.
As for complying with the planned project execution time, exceeding the deadline was most 
often reported as ranging from 76 to 100%, which was the most frequent (48% respondents). 
Exceeding the planned budget was most often reported to fall within 0–25% (45% respondents) 
and 48% of the respondents pointed to the occurrence of exceeded project scope accounting 
for 26–50%. The studies also covered the evaluation of the level of project management com-
plexity in the respective perspectives of essential project parameters, namely: project time, 
budget and scope as well as the construction workmanship quality.
As shown in Figure 1, the respondents see the highest level of complexity in project time and 
budget management.
Figure 1. Opinions of respondents on the level of complexity in project management in terms of time, budget, scope and 
quality. Source: own study.
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4. Essence and development of Big Data (BD) analysis
According to the National Science Foundation [32], Big Data (BD) is “a big varied, complex 
and/or dispersed set of data generated from devices, sensors, Internet transactions, e-mails, 
films and/or other digital sources available at present and in the future” (own translation). 
Gartner, in the report of 2001, indicated that BD is characterized by a 3 Vs formula (volume, 
velocity, variety) [33].
“Volume” refers to generating, collecting and accumulating big, continuously increasing, 
amounts of data. It strongly depends on the existing equipment infrastructure which, if not 
continuously improved, can lead to data analysis becoming very quickly invalid [20].
“Velocity” is the speed, the data are produced and processed with.
Only when it is high, a maximum use of the value coming from BD is possible [19].
“Variety” points to various types of data: structured (data ready for analysis, e.g., spreadsheet 
data), semi-structured (not organized enough to be directly analysed) and non-structured 
(data which, before being processed to structured, cannot be analysed, e.g., sound, video) [20].
With time the 3Vs formula got transformed into 5Vs. It was considered that BD should also 
correspond to such features as: veracity and value.
“Veracity” refers to the source of data, whether it is trustworthy and whether the data quality 
is sufficient.
“Value” is most crucial of all “Vs”. It is related to the difficulty in foreseeing whether the 
dataset is adequately adjusted to the question asked in the analysis [18].
All the “Vs” are both the features which describe BD and a challenge faced by the analysts. 
A missing success in any of the attributes results in a failure of the entire analysis [18].
The research reported by The Data Warehouse Institute shows that only 12% of the companies 
which had introduced BD were successful, 64% with a moderate success and 24% failed [17]. 
However, one must note that such BD analysis implementation experiences calls for further 
improvement.
BD uses a set of data of extreme sizes which exceed the possibilities of manual techniques and 
commonly applied computer programmes for capturing, management and processing in a 
tolerated time range [22]. Due to its size, BD requires brand new analytical tools. It is neces-
sary to transform the semi-structured to structured data [7]. Structured data is adequate for a 
direct analysis and semi-structured data must be first adequately processed. Nevertheless the 
processing speed is essential. Datasets show some complexity and uncertainty. Complexity is 
due to a large amount and variety of data, whereas uncertainty comes from ongoing changes 
in nature. According to [34] the challenge is to determine how to acquire essential knowledge 
from complex and uncertain surface of data.
One should note the relations of non-homogenous data, non-homogenous knowledge and 
non-homogenous decisions. Decision-making depends on the knowledge acquired, while 
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knowledge depends on data. If the knowledge of the project manager who draws on his expe-
rience mixes with the knowledge acquired from automatically generated non-homogenous 
data, then we deal with non-homogenous knowledge. Due to non-homogenous knowledge 
the manager takes a non-homogenous decision. Manager’s knowledge represents a group of 
non-structured data and thus it is difficult to use it in the analysis. There is also an inconsis-
tency of data which is shown in various kinds of human behaviours and decision-making pro-
cesses. We face it when one source describes a problem in another way than the other one [25].
Despite the above problems one faces while implementing BD, one must consider the advan-
tages of the BD analysis. It allows for discovering some “hidden knowledge” [35] or “informa-
tion providing grounds for actions” [36], which helps the decision-making process. Next to 
the technical and methodological difficulties, there is a premise that applying BD can elimi-
nate the partiality of smaller datasets and ensure a more accurate image of the reality studied 
in the course of its objective assessment [37].
One must indicate the BD applicability in the course of project management and one can even 
assume a statement that being successful in investment and construction projects is condi-
tioned by the access to data in a structured form, especially in a form of BD. At the same time 
one shall stress an innovative nature of BD as a project-management supporting tool [38].
The BD analysis can be included in the system information model (SIM), usually built with an 
object-oriented approach [39].
System information modelling (SIM) is a general term applied to describe the process of 
modelling complex information carrier systems. System information modules are digital 
representations of connected systems, such as, for example, tooling, power supply, control 
and communication systems. The objects modelled on the SIM card are closely related with 
the objects in the physical system. Components, connections and functions are defined and 
connected just like in the real world [40].
The BD application examples can be found in the investment and construction projects 
which use both physical and virtual data derived from controlling, building information 
modelling (BIM), bids for tender, schedules, from subcontractors and information from the 
construction site, to mention just a few. An accurate analysis of all that data (BD) makes it 
possible to discover new phenomena characteristic for the project. Getting to know them can 
be helpful in reducing the risk of accomplishing the project objective [41]. Currently on the 
construction market there appear centres dealing with data capturing, storage, protection 
and analysis [11].
5. Project risk management
Project risk must undergo a permanent control. The essence of risk is the occurrence of 
potential possibilities of unexpected events resulting in a change of the situation, people, 
objects, systems (e.g. economic systems, ecological systems, etc.), phenomenon and so on. 
Therefore foreseeing their future, made a priori, diverges from the reality. At the same time 
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the expectations of the planning entities do not come true, which is a definite planning failure. 
The factors of that failure, or rather the probability of their execution, are defined as risk.
The term risk itself thus has a definitely negative connotation. With the above in mind, it is 
hardly possible to agree with the views claiming a dualism of the term risk itself. The effects 
of the events, however, can already assume the form of both a loss or a profit as compared 
with the preliminary assumptions. Losses occur if the foreseen situations, referred to as the 
threats to planned objectives of the actions taken, come true. However, profits have a chance 
to appear if actions are taken contrary to the speculations about the threats which, however, 
will not come true or if there happens to be a confluence of circumstances making their occur-
rence not have a significant effect on accomplishing the objective of the challenges taken up.
Risk management, as an art of taking rational decisions, runs in a standard way in the follow-





• control of the actions taken.
Identifying risk involves defining what kinds of risk and to what extent the project is threat-
ened. An analysis of respective processes from the point of view of their threat of risk and 
then their classification are necessary.
A detailed analysis covers external events which threaten the project from the outside and 
those which can emerge as part of the project and threaten others.
Risk estimation involves defining the probability of a possibility of the occurrence of damage 
and the loss size. An adequately performed risk evaluation allows for taking up the projects, 
reducing the level of project exposure to its objective accomplishment failure.
Risk control involves taking up actions limiting the risk to the assumed admissible size. 
Limiting the risk often becomes contrary to the other project objectives, including mostly 
meeting the desired parameters of project effectiveness.
The basic risk control objective is to determine the measures of prevention eliminating or lim-
iting the risk evaluated. Each time the selection of adequate measures is a result of a detailed 
analysis of the effectiveness or costs of their introduction. The costs of limiting the risk cannot 
exceed the value of the damage which can happen (material and non-material damage). One 
must note that an increase in profit is often possible by increasing the size of risk related to 
project execution. Most often risky projects are related to high incomes. However, above a 
certain limit a risk of loss can threaten profit generation.
Similarly, an enhanced profitability is contrary to maintaining liquidity. Limiting the risk is 
also related to bearing additional costs. Determining the size of the admissible risk is necessary.
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As part of risk control, two types of actions can be taken:
• actions affecting the causes of the occurrence of risk, the objective of which is to limit risk; 
they are defined as an active strategy of counteracting risk,
• actions influencing the effects, the objective of which is to reduce a negative effect of unex-
pected losses on the level of accomplishing the project objective; they are referred to as a 
passive strategy of counteracting risk.
Risk financing considered as a stage of risk management comes from the fact that all the risks 
which are not eliminated with preventive measures must be financed. The basic forms of risk 
financing are:
• self-insured retention:
 ○ without applying preventive measures,
 ○ applying preventive measures,
• transferring risk to other entities (e.g., suppliers, recipients, subcontractors, insurance 
companies):
 ○ complete,
 ○ partial (franchising, liability limit, exclusion of the subject and the scope of insurance, etc.).
Control of the actions taken is the last stage of risk management. Its objective should be to inves-
tigate the effectiveness of actions aiming at limiting the risk. A big role in risk control and 
limiting is played by internal control procedures.
The rationally performed risk management process allows finding optimal solutions, 
a compromise between insurance and self-insurance retention. That compromise con-
stitutes an insurance programme. Risk management is also a professional approach to 
insurance.
The division of risk analysis into the qualitative and quantitative stimulates two different 
approaches to building risk measures. The project’s qualitative risk analysis facilitates creating 
a risk matrix. Based on the forecasts, a project threats catalogue is made. Then the threats are 
attributed with the levels of probability of their occurrence and the effects for the project at the 
assumed scale, described verbally. Such an analysis is made originally for respective projects [42].
The quantitative project risk analysis aims at determining the probability of a failure to 
accomplish the project’s objective or its phase and the consequences of such a situation. The 
quantitative sizes of the risk are shown by risk value VaR(t), calculated as a product of risk 
probability R(t) and value exposed to risk Va. One must note that each action implies risks in 
many areas. The total risk value is a sum of products of risk probability in a given area “i” 
(Ri(t)) and value exposed to risk in that risk area (Va
i
):
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where: VaR(t), risk value; Ri(t), risk probability in given area “i”; Va
i
, value exposed to risk in 
given area “i”.
More and more frequently one points to the necessity of a systemic approach to risk. Such an 
approach to risk management in the organization requires an interdisciplinary perception of 
the phenomena related to it. The necessity of a dynamic and interdisciplinary approach to risk 
problems is also indicated by [43].
The risk phenomenon has become the focal point of taking economic decisions and in project 
management the project scope risk, cost risk, time risk and the quality risk are of capital 
importance [44]. They must be treated as a probability of a failure to accomplish the planned 
level of respective project attributes and they are always a planning failure.
The project risk determinants are both in the specific nature of the trade the project refers to, 
most often sensitive to the variation in the economic environment, and they also have an inner 
nature as they are sensitive to the assumed technological and organizational solutions for the 
course of the processes in the project.
Project decision-making is often related to the settlement of problems in terms of costs [44, 45], 
quality and time. An efficient project management requires simultaneously obeying those three 
factors, covering the actions in the directions of:
• “cheaper and cheaper” strategy as a pursuit of making right decisions in terms of costs,
• “better and better” strategy as a pursuit of making right decisions in terms of quality,
• “faster and faster” strategy as a pursuit of making right decisions in terms of time.
Such perspectives, despite an apparent contradiction, determine contemporary tendencies in 
search of the optimal solutions for the course of projects. They are subject to compromise in 
project management and they constitute the basic determinants of their success.
The term “risk management” covers all the actions towards identifying, evaluating and 
approaching risk, namely its reduction, diversification or using the phenomenon of risk. 
Currently there is much interest observed in risk management which translates to applying 
good practices in project management and which helps in accomplishing the project objec-
tives. The conditions of an effective risk management are created by a systemic approach 
which considers all areas of the organization holistically.
The project risk management (PRM) system should be based on the knowledge and skills of 
the employees willing to use them to achieve the project’s objective. It should include tracking 
down all the sources and paths of the exposure of the processes which occur in the project, 
the circumstances generating risk and determining their effects. Respective risk types can be 
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grouped into single-name risk teams (e.g. costs, quality, environment, security), and detailed 
problems should be served by their adequate subsystems. The system information modelling 
(SIM) can be a subsystem supporting project cost risk management.
6. Big Data in construction projects
6.1. Background
Currently, the construction industry has been generating and storing more and more data. 
The reports with reference to the progress of the works, data from different types of sensors 
and equipment or pictures and recordings from the building site and so on may serve as 
examples. However, without an appropriate tool these data would be of no value. But, when 
the adequate tool to process the data is used, it is possible to reveal unique conclusions. The 
bigger the database, the more precise information extracted thereof.
The pioneers to use BD in the construction industry are the companies from the United States: 
Case Inc. and Terabuild USA. They process BD with the aim to, among others, monitor in real 
time the costs of project and to optimize the process of planning of investment and construc-
tion enterprises. However, the potential contained in BD is still not used properly. That is 
why, a research question should be asked on whether BD is a helpful tool to minimize the risk 
arising from the implementation of construction projects.
In the world literature from the end of twentieth century, a need to improve the management 
of risk in the construction projects is noticed as the research proved that less than a half of 
such projects were accomplished without exceeding the assumed budget [46].
6.2. Research results
In the search of the influence of BD onto the minimization of the risk of construction proj-
ects, the opinions of the Polish construction entrepreneurs were quoted. It was necessary to 
become familiar with the level of computerization of entrepreneurs, the type of their business 
and whether they use the systems supporting data mining. Furthermore they were asked if 
BD was used to manage the risk or if the enterprises intend to use it in future.
An anonymous Internet survey was used to carry out the poll. The questionnaires were sent 
via email to Polish construction entrepreneurs in the break of years 2016 and 2017. In total 739 
questionnaires were sent.
A total of 32 replies were received and they represented different types of enterprises, includ-
ing those acting in the domestic, international and local markets, dealing with construction, 
design works or trade, including micro-, small, medium and big enterprises. The ratio of 
respondents amounted to 4.3%, which is significantly below the norm of the reply to the 
questionnaires in the construction industry (20–30%) [47]. The low number of replies may 
testify to the confidentiality of the information but mostly to the low awareness of the need to 
use data on the level of BD.
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Among the respondents there were 40.6% of the entrepreneurs performing the construc-
tion works at the building site, 25% dealing with design works, 15.6% dealing with trading 
in construction material, 9.4% dealing with production of construction material and 6.3% 
dealing with urban designing and 3.1% dealing with investor supervision. The respondents 
answered the question concerning the innovative management systems and IT systems cur-
rently implemented in the enterprises. They gave their assessment in the 5-grade scale, where 
“1” denominated a very low level and “5” very high. A total of 21.9% of the respondents 
graded their enterprise with very high level—level 5. Most of the answers were given to grade 
4, that is, 34.4% of all respondents. Level 3 was indicated by 25% of the respondents, and level 
2 was chosen by 15.6% of respondents, and 3.1% of the assessments had fallen to level 1.
As indicated in Figure 2 only 3.1% of the respondents have installed the IT systems serving to 
mine data. In the examined group of enterprises nobody sees the possibility of implementing 
such IT systems in the nearest future.
The respondents assessed also the degree of utility of BD in the management of the risk of the 
construction investment project, which is illustrated in Figure 3.
The results of the poll carried out indicate a very low interest in the implementation of BD 
analysis in the Polish construction enterprises. The reasons of such conditions may be found 
in the structure of enterprises, among which small and medium enterprises dominate. The 
strategies of these enterprises refer to short-term periods and their role in the implementation 
of the construction project is usually seen as that at the level of subcontractors. Thus, increas-
ing interest in the application of BD would be more visible on the side of big enterprises or 
organized groups of small and medium enterprises—which unite in clusters or around the 
regional centres of innovativeness.
Figure 2. Implementation strategies of data mining software - according to Polish companies. Source: Górecki et al. [38].
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7. BD as PRM tool: case studies
Examples of the real projects implemented in some Asian countries testify to the fact that BD 
has a significant influence on minimizing the risk during the implementation of construction 
projects. In the further part of this chapter such a relation was presented and it was described 
in the context of the choice of the most advantageous tender offer, the systems to ensure 
the safety at work at the building site and managing the construction waste during building 
works. The decisions which have the most influence on the success of the project (mainly in 
the aspect of costs) are adopted at its beginning stage. The control over the costs during the 
implementation of the construction projects may only be limited to preventing the exceeding 
of the established budget. It is not possible to correct the fundamental errors made at the 
beginning [10]. Thus, the effective assessment of the tender offer is the most significant in 
minimizing the risk relating to costs but also to quality and time.
7.1. Pre-contract stage
The pre-contract stage usually includes the following: inception, feasibility study, scheme 
and detail design, tendering arrangements and other pre-contract planning activities. In 
this part, one specific process of choosing the best offers with use of BD was taken into 
consideration.
The evaluation of the tender price of construction projects based on BD gathered at the build-
ing site was initially implemented in some of the projects of the underground in the Chinese 
town of Wuhan [14]. The system of evaluation of tender price decreases the risk resulting from 
poor quality, delays and exceeding budget. It consists of determination of the price frames 
for a given project. The enterprise taking part in the tender has the possibility of comparing 
their offer with the limits denominated by the system. If the offer proves to be lower than the 
bottom limit, the risk to exceed the budget is very high. Whereas, if the offer would be higher 
than the upper limit, the risk of failure in the tender rises. The system serves also for the units 
responsible for the selection of the tender offer. Thanks to it, they may reject the offers which, 
Figure 3. Level of utility of the Big Data – according to Polish respondents. Source: Górecki et al. [38].
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by too low a price, expose the building works to poor quality or increase the probability of 
company bankruptcy. Possible insolvency would involve the delays in the implementation of 
construction projects. BD influences also positively the number of accidents at the building 
site and increases the self-control of the workers.
The effects of its operation were assessed as good but requires the improvement of the 
accuracy. It consists of the determination of the price frames for a given project with the 
use of the following information: type of station, the depth of excavation, shape, hydrologi-
cal conditions, geotechnical conditions, the surrounding environment and the parameters of 
accomplished projects, together with the history of their costs. When the participant of the 
tender logs in, stating the tender data, the programme would automatically calculate the price 
frames and would set off the alarm should they be exceeded [14].
It is a promising system, which is helpful for the units responsible for the choice of the best 
tender offer, it does not need to take up decisions based on the criterion of the lowest price but 
also based on its justification. Furthermore, it may become also useful for the entrepreneurs 
taking part in the tender.
In the case of customers, it influences the minimization of the risk of the insufficient quality of 
performance, inadequate high costs and time. The choice is based on the marginalization of 
too high and too low offers. It limits the probability of bankruptcy of companies implement-
ing construction projects; thus, there is no need to open new tenders, which would generate 
delays in the implementation of investment.
In turn, in case of the enterprises taking part in the tender, the system allows to minimize the risk 
of bankruptcy and to maximize the profits. It is worth noticing that it must be adjusted to differing 
construction standards in different countries or regions. For instance, because of the higher degree 
of seismic risk, Japan has adopted more stringent construction standards than in many other 
countries and, what follows, the costs of the construction projects significantly increased [46].
7.2. Operational stage
7.2.1. Occupational hazards
Significant number of the accidents at the building site is caused by inappropriate behaviour 
of the employees, which threatens their safety. Thus, focus would be put on human aspects. 
Therefore, the gathering of data from monitoring cameras (which have the ability to follow and 
detect the objects moving against the adopted rules) and setting off mobile application which 
allows the employees to register the dangerous behaviour are recommended. In consequence 
of the analysis of the data gathered, the safety zones, which change depending on the progress 
of work, are to be designated (in real time) and the employees must be made aware of specific 
examples of behaviour. In the same way, the level of self-control of the workers increases.
During the construction of the underground in China, the system of monitoring of the employ-
ees’ behaviour was implemented for safety reasons. BD analysis was used for the implemen-
tation of the safety system at the building site of two underground lines (3 and 6) consisting 
of 15 stations and 8 tunnels, in the Chinese town of Wuhan. The data were generated from 
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the monitoring cameras, equipped with the abovementioned capacity to follow and detect the 
objects moving against the adopted rules, from mobile applications and from GPS receivers. 
It gave the possibility to take photos of dangerous behaviour by the employee. The mobile 
application itself generated 150,000 pictures registering the behaviour threatening safety. The 
analysis of data allowed one to create safety zones and to automatically capture the behaviour 
which may create threats and warn the employees. Additionally, they provided the building 
site manager with the access to information which was useful to optimize the schedule to 
include the safety component and gave the possibility of warning the employees in person in 
case of specific behaviour. All this was allowed to react in real time [48].
No matter how automated construction process or how complex the managing system is, 
people cannot be separated therefrom totally. The employees must constantly control the 
production processes and intervene in the case of unplanned events. It must be underlined 
that the accidents are caused in 50–90% by human error [49]. To decrease the number of inci-
dents and to improve the efficiency of safety management at the building site it is necessary 
to pay particular attention to the dangerous behaviour of the employees [50]. The analysis of 
this behaviour is significant as it turns out that dangerous behaviour may be controlled by 
appropriate resources or even by the employees themselves [51]. Thus, it is worth knowing 
what influence the adopted measures inflicted on the employees.
Apart from the behaviour of employees the risk of preserving of their safety is also influenced 
by the schedule of construction works. The experts noticed certain phenomena occurring at the 
building site: the more tense the schedule is the more works overlap due to insignificant delays. 
This causes shrinking of the working space for the employees which, in turn, generates the dan-
ger. The safety of the workers at the building site decreases with their distance from construc-
tion material, equipment or other danger [14, 52, 53]. Besides, building site is a very dynamic 
environment where the working space relating to the performance of different tasks is subject 
to constant changes. The implementation of advanced automation would limit overcrowding 
while performing different construction activities, which often leads to threats to safety [54].
7.2.2. Waste management
Construction industry is the branch, which is not environment friendly. The waste that is gen-
erated thereby often makes up a huge portion of all communal wastes, which contribute to the 
degradation of the environment [55, 56]. Together with the constant increase of the pressure on 
sustainable development, taking up steps aiming at limiting the amount of generated waste by 
the construction industry is exceptionally important [11]. The comparative analysis described 
by Lu and his team in their papers may be of help [11, 37]. It presents the waste generation rate 
(WGR), which is used as the ratio of efficiency of construction waste management (CWM). BD 
is created by three joined databases. The first of them contains the registers of waste utiliza-
tion, which include the information, among others, related to the dumping vehicle bringing 
the waste (for instance, number of the vehicle) or the amount of waste and name of the landfill. 
The second base contains, among others, the name of the project, category, location, technol-
ogy and so on. The third base includes the information on waste. 
The contractor may compare its achievements in CWM to its equivalents or based on its 
earlier achievements and denominate its practices as “good”, “medium” or “not too good”. 
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This allows one to optimize practices related to CWM. Furthermore, the government or the 
office responsible for the management of the waste may encourage the enterprises which 
were denominated as” not too good” in the analysis to increase the efficiency of CWM by, 
for instance, imposing fines thereto. What is more, this allows us to encourage the companies 
denominated as “good” to improve their achievements by rewarding them. In the analysis 
carried out, all outliers also deliver the information, on, for instance, the possibility of illegal 
disposing of waste in the case of unusually low results.
8. Conclusion
Currently the world faces the challenge of a growing inflow of digitally generated data, which 
is due to the technological advancement, becoming a new tool in human hands to optimize 
human actions and aims. The economy segments, such as banking, healthcare or insurance, 
already for some time have been benefiting from BD. Although the awareness of the need of 
project risk management is common and the tools to identify, evaluate and to manipulate risk 
are not a novelty, a great majority of project managers draw only on a deterministic approach 
to risk management.
Interestingly, the data derived from various sources, collected digitally in datasets with 
a high numerical amount, allows for building project risk management tools in terms of 
quantity. It is highly probable that already in the near future the state of the project manag-
ers’ awareness will be drifting towards a greater use of digital data, including BD systems. 
It is also purposeful to publish the experience of the execution of projects applying BD as a 
recommendation for building and using BD-like data in project management. In search of 
effective project management methods, it is essential to inspire new actions and an ongoing 
search for innovative solutions. BD, next to BIM, SIM or Internet of Things, is one of those 
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